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ABSTRACT
Objective: To assess the association of clusters of multiple
cardiovascular disease (CVD) risk factors with health-related
quality of life (HRQOL) among US adults aged 18 years or
older in 2003.
Methods: Data from the 2003 Behavioral Risk Factor Sur-
veillance System were analyzed. The four HRQOL questions
developed by the Centers for Disease Control and Prevention
were used. The CVD risk factors included diabetes, hyper-
tension, high cholesterol, obesity, and current smoking.
Results: The adjusted odds ratios of having four or more
CVD risk factors were 14.0 (95% conﬁdence interval [CI]
12.4–16.0) for poor or fair health, 6.4 (95% CI 5.6–7.3) for
14 or more physically unhealthy days, 4.8 (95% CI 4.2–5.6)
for 14 or more mentally unhealthy days, and 8.0 (95%
CI6.8–9.3) for 14 or more impaired activity days compared
to having none of the ﬁve risk factors. A greater number of
CVD risk factors was signiﬁcantly associated with an increas-
ing likelihood of having poor or fair health (P1 < 0.0001 for
linear trend, P2 < 0.0001 for quadratic trend), 14 or more
physically unhealthy days (P1 < 0.0001, P2 < 0.0001), 14 or
more mentally unhealthy days (P1 < 0.0001, P2 = 0.02),
and 14 or more impaired activity days (P1 < 0.0001,
P2 < 0.0001).
Conclusions: A greater number of multiple CVD risk factors
may be associated with more detrimental impairment of
HRQOL. Preventing or reducing the clustering of multiple
CVD risk factors to improve HRQOL is needed among
adults.
Keywords: cardiovascular disease, cluster, health-related
quality of life, risk factors.
Introduction
Cardiovascular disease (CVD) risk factors, such as
diabetes, hypertension, high cholesterol, current
smoking, and obesity tend to occur together in the
general and diseased populations [1–3]. The propor-
tion of adults with two or more of these CVD risk
factors increased from 23.6% in 1991 to 27.9% in
1999 in the United States [4]. Increasing prevalence of
multiple CVD risk factors has been related to increased
risk of all-cause, coronary heart disease, and stroke
mortality [5–9].
Quality of life is a measurement of people’s health
status, health perceptions, and health burden in a
population [10]. The objectives of national health as
stated in Healthy People 2010 are to increase the
quality and the length of healthy life for all people in
the United States [11]. Studies have suggested that
people with diabetes [12], hypertension [13], current
smoking [14], hyperlipidemia [15], and obesity [16]
may have impaired health-related quality of life
(HRQOL).
Previous studies have examined the association of
HRQOL with individual CVD risk factors. Using the
2001 Behavioral Risk Factor Surveillance System
(BRFSS) data, Brown et al. showed that people with
diabetes were three times more likely to report poor or
fair health, 1.7 times more likely to report 14 or more
physically unhealthy days, and 1.6 times more likely to
report 14 or more activity limitation days than people
without diabetes [12]. Similarly, using the 1996 BRFSS
data, Ford et al. found that people with a body mass
index (BMI, the weight in kilograms divided by the
square of the height inmeters) of 30 to 35 had a 1.5-fold
likelihood of reporting 14 or more physically unhealthy
days compared to those with a BMI of 18.5 to 25 [16].
Using the 2001 and 2002 combined BRFSS data, Strine
et al. demonstrated that current smokers had a 1.7
times greater likelihood of reporting fair/poor health,
1.4 times greater likelihood of reporting 14 or more
physically unhealthy days, 2.3 times greater likelihood
of reporting 14 or more mentally unhealthy days, and
1.6 times greater likelihood of reporting 14 or more
days of impaired activity [14]. A recent study showed
that clusters of four cardiometabolic risk factors
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(obesity plus at least two of diabetes, hyperlipidemia,
and hypertension)were signiﬁcantly related to impaired
HRQOL [17].
Nevertheless, little is known about the impact of
different combinations of multiple CVD risk factors on
HRQOL. Limited studies have shown that obesity or
diabetes in combination with hypertension, hyperlipi-
demia, or smoking had a deleterious inﬂuence on
HRQOL among participants in the Medical Expendi-
ture Panel Survey [17], in a small sample of southwest-
ern Ohio [15], in the 1992 Health and Retirement
Survey [18], and among Asians [19]. To the best of our
knowledge, no studies have assessed the relationship
of clustering of multiple CVD risk factors to HRQOL
among patients with a history of CVD thus far. There-
fore, the goal of this study was to examine the associa-
tion of cumulative CVD risk factors with impairment of
HRQOL among participants of the 2003 BRFSS with
and without a history of myocardial infarction, coro-
nary heart disease, and stroke. It was hypothesized that
a greater number of CVD risk factors may be associated
with more detrimental impairment of HRQOL in
people with and without a history of CVD.
Materials and Methods
Study Setting and Design
The BRFSS is an ongoing state-based data collection
program of behavioral risk factors and chronic disease
conditions, which is a standardized telephone survey
administered by state health departments with assis-
tance from the Centers for Disease Control and
Prevention (CDC) [20]. All 50 states, the District of
Columbia, Puerto Rico, the Virgin Islands, and Guam
used an identical core questionnaire administered over
the telephone in the 2003 BRFSS. The optional CVD
module, which assessed the prevalence of myocardial
infarction, coronary heart disease, and stroke and the
prevalence of preventive measures for these CVD con-
ditions, was implemented in 25 states. Trained inter-
viewers collect data monthly using an independent
household probability sample among the noninstitu-
tionalized US population (aged 18 years) [20].
According to the formula for the cooperation rate, the
proportion of all respondents interviewed of all eligible
units in which a respondent was selected and actually
contacted, the median response rate for the 2003
BRFSS was 74.8% [21]. BRFSS data have consistently
been found to provide valid and reliable estimates
when compared to national household surveys in the
United States [22–24].
HRQOL Measures
The HRQOL segment in the 2003 BRFSS question-
naire includes a set of four questions regarding peo-
ple’s perceptions of general, physical, and mental
health status developed by the CDC [25], which
included: 1) “Would you say that in general your
health is excellent, very good, good, fair, or poor?
1 = excellent, 2 = very good, 3 = good, 4 = fair, and
5 = poor”; 2) Now thinking about your physical
health, which includes physical illness and injury, for
how many days during the past 30 days was your
physical health not good?; 3) Now thinking about
your mental health, which includes stress, depression,
and problems with emotions, for how many days
during the past 30 days was your mental health not
good?; and 4) During the past 30 days, for about how
many days did poor physical or mental health keep
you from doing your usual activities, such as self-care,
work, or recreation? The four CDC HRQOL measures
were derived from the original version of the Medical
Outcomes Study 36-Item Short-Form Survey Instru-
ment (SF-36) [25–27]. The four single measures have
been validated in both general and disabled popula-
tions and have acceptable criterion validity with
multiple-item SF-36 subscales [27–32].
CVD Risk Factors
Diabetes status was determined by an afﬁrmative
answer to the question, “Have you ever been told by a
doctor that you have diabetes?” Gestational diabetes
was coded as “no” diabetes. Hypertension status was
determined by an afﬁrmative answer to the question,
“Have you ever been told by a doctor, nurse, or other
health professional that you have high blood pressure?”
Gestational hypertension was coded as “no” hyperten-
sion.High cholesterol was determined by an afﬁrmative
answer to the question, “Have you ever been told by a
doctor, nurse, or other health professional that your
blood cholesterol is high?” Smoking status was deter-
mined by asking respondents, “Have you smoked at
least 100 cigarettes in your entire life?” and “Do you
now smoke cigarettes every day, some days, or not at
all?” Current smoking was deﬁned as having smoked
100 or more cigarettes during a person’s lifetime and
currently smoking every day or some days. BMI was
calculated from self-reported height and weight.
Obesity was deﬁned at a BMI of 30 ormore by using the
World Health Organization guidelines [33].
Demographic Variables and History of CVD
The following variables were used as covariates in the
multiple logistic regression analyses: age, sex, race and
ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic, and other), and educational attainment
(lower than high school, high-school graduate, some
college or technical school, college graduate). A history
of CVDwas determined by an afﬁrmative answer to the
question, “Has a doctor, nurse, or other health profes-
sional ever told you that you had any of the following:
(a) a heart attack, also called a myocardial infarction;
(b) angina or coronary heart disease; or (c) a stroke?”
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Statistical Analysis
The ﬁnal analyses were restricted to nonpregnant
women and men with complete data on demographic
characteristics, the four HRQOL measures, and the
ﬁve CVD risk factors. Pregnant women were excluded
from analyses because they may have different body
measures and lifestyle habits from the general popula-
tion. A categorical variable was constructed to indicate
the total number of the ﬁve CVD risk factors, which
ranged from 0 to 5. To ensure adequate sample size,
having four or ﬁve risk factors was collapsed as one
category (i.e., 4 risk factors). Responses to the self-
rated general health question were dichotomized to
poor or fair health versus good, very good, or excellent
health. The 14-day cutoff value was used to dichoto-
mize mentally unhealthy days as frequent mental
distress (14 days) versus infrequent mental distress
(<14 days) because this criterion is often used as a
marker for clinical depression and anxiety disorders
in clinical practice and research [34–36]. Physically
unhealthy days and activity limitation days were also
dichotomized at 14 days to be consistent with the
cutoff point used for mentally unhealthy days and in
line with previous studies [12,14,16]. The 14-day
cutoff value corresponds to the upper 10% to 15% of
the distribution for the Healthy Day measures [12].
t-test was used to assess the differences in the mean
levels of HRQOL measures between two groups and
the linear trends in the proportions of impaired
HRQOL associated with increasing number of CVD
risk factors. Odds ratios (ORs) and 95% conﬁdence
intervals (CIs) were estimated using multiple logistic
regression analyses adjusted for the covariates. Wald
chi-square test was used to assess the statistical signiﬁ-
cance of interaction between the number of multiple
CVD risk factors and sex, race/ethnicity, and CVD
status on the four HRQOL measures. Orthogonal
polynomial contrasts were used to test linear (-2, -1,
0, 1, 2) and quadratic (2, -1, -2, -1, 2) trends. A linear
trend indicates that the ORs of HRQOL measures
increase or decrease as a strait line across the number
of multiple risk factors. A quadratic trend indicates
that the ORs of HRQOL measures increase or
decrease as a concave or convex. A combination of
both linear and quadratic trends indicates some non-
linear variations in addition to a linear trend. The
SUDAAN Software (Release 9.0, Research Triangle
Institute, Research Triangle Park, NC) was used to
account for the complex sampling design of the survey.
Results
Demographic Characteristics
After excluding 2835 women who reported being
pregnant and participants with missing data for
HRQOL measures (n = 10,510), CVD risk factors
(n = 63,837), and demographic variables (n = 4612),
the ﬁnal analytic sample included 189,450 participants
with complete data for all variables in the 2003 BRFSS
survey (76,714 men and 112,736 women; 71.6% of
total sample, n = 264,684). The subsample comprised
of 78,411 participants (31,088 men and 47,323
women) in 25 states that used the CVD optional
module in 2003 BRFSS.
The excluded sample had a smaller mean age
(38.0 years), a lower percentage of men (46.9%),
lower percentage of whites (64.0%), and higher per-
centage of lower than high school education (20.5%)
than the ﬁnal analytic sample (mean age, 49.0 years,
P < 0.0001; 49.4% men, P < 0.0001; 72.2% non-
Hispanic whites, P < 0.0001; 9.1% lower than high
school education, P < 0.0001). Nevertheless, the ﬁnal
analytic sample was similar in demographic character-
istics to the total sample (mean age, 45.6 years; men,
49.1%; non-Hispanic whites, 70.1%; lower than high
school education, 12.3%).
Proportion of Individual and Multiple CVD Risk Factors
The overall proportions of diabetes, hypertension,
high cholesterol, obesity, and current smoking were
7.7%, 26.5%, 30.4%, 23.3%, and 20.7%, respec-
tively. As shown in Table 1, men had a higher propor-
tion of all ﬁve CVD risk factors than women. The
proportion of diabetes, hypertension, and high choles-
terol increased, but the proportion of current smoking
decreased with increasing age. Non-Hispanic blacks
had a higher proportion of diabetes, hypertension, and
obesity than non-Hispanic whites. Hispanics had a
higher proportion of diabetes than non-Hispanic
whites. The proportions of all ﬁve CVD risk factors
decreased with increasing education levels.
The overall unadjusted and age-adjusted propor-
tion of having more than three of the ﬁve CVD risk
factors were 12.6% and 11.2%, respectively (Table 2).
Men had a higher proportion of having more than
three of the ﬁve CVD risk factors (12.0%) than women
(10.3%; P < 0.001). Non-Hispanic blacks had a sig-
niﬁcantly higher proportion of having three or more
CVD risk factors (17.5%) than non-Hispanic whites
(10.4%; P < 0.0001). Participants with CVD had sig-
niﬁcantly higher proportions of having three or more
CVD risk factors (32.2%) than those without CVD
(9.5%; P < 0.0001).
Proportions of HRQOL Measures in Relation to
Multiple CVD Risk Factors
The proportion of having poor or fair health, 14 or
more physically unhealthy days, 14 or more mentally
unhealthy days, and 14 or more days of impaired
activity was 14.3%, 10.4%, 9.7%, and 6.4% in the
total sample, and 6.3%, 5.8%, 5.8%, and 3.1%
among participants unexposed to any of the ﬁve CVD
risk factors, respectively. The proportions increased
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commensurately with a greater number of CVD risk
factors for both men and women (all P-values <0.0001
for linear trends; all P-values <0.0001 for quadratic
trends except for 14 mentally unhealthy days)
(Fig. 1A). There was a signiﬁcantly increasing linear
trend of all four HRQOL measures associated with a
greater number of CVD risk factors across the three
racial/ethnic groups (all P-values <0.0001) (Fig. 1B).
Participants with CVD had a signiﬁcantly higher pro-
portion of impaired HRQOL than those without CVD
at each level of multiple risk factors (all P-values
<0.001 except for the proportion of 14 mentally
unhealthy days among people with four or more risk
factors) (Fig. 1C). There were signiﬁcant linear trends
of all four HRQOL measures associated with a greater
number of CVD risk factors among both participants
with CVD (all P-values <0.0001) and without CVD
(all P-values <0.0001).
Association of Individual and Multiple CVD Risk Factors
with Impaired HRQOL
Among the ﬁve individual risk factors, diabetes was
most strongly associated with poor or fair general
health (adjusted OR [AOR] 3.3; 95% CI 3.1–3.5), 14
or more physically unhealthy days (AOR 2.1; 95% CI
1.9–2.3), and 14 or more days of impaired activity
(AOR 2.0; 95% CI 1.8–2.2) (Fig. 2A). In contrast,
current smoking was most strongly associated with 14
or more mentally unhealthy days (AOR 2.1; 95% CI
2.0–2.2).
Using none of the ﬁve CVD risk factors as a refer-
ence group and adjusting for age, sex, race/ethnicity,
and education level, a greater number of CVD risk
factors was signiﬁcantly associated with an increasing
likelihood of reporting poor or fair health (P1 <
0.0001 for linear trend, P2 < 0.0001 for quadratic
trend), 14 or more physically unhealthy days (P1 <
0.0001, P2 < 0.0001), 14 or more mentally unhealthy
days (P1 < 0.0001, P2 = 0.02), and 14 or more days
of impaired activity (P1 < 0.0001; P2 < 0.0001)
(Fig. 2B).
The association of impaired HRQOL with increas-
ing number of CVD risk factors appeared to be similar
by sex (Fig. 3A) and race/ethnicity (Fig. 3B). No sta-
tistically signiﬁcant interaction between number of
CVD risk factors and sex (P-values for the interaction
term range from 0.08 to 0.85) or race/ethnicity
(P-values for the interaction term range from 0.23 to
0.73) on all four HRQOL measures was detected by
using the Wald chi-square test in multiple logistic
regression analyses.
In contrast, the associations of poor or fair health
(P = 0.0004 for the interaction) and 14 or more physi-
cally unhealthy days (P = 0.0005 for the interaction)
with an increasing number of CVD risk factors were
stronger among participants without CVD than those
with the condition. The associations appeared to be
similar for 14 or more mentally unhealthy days
(P = 0.50 for the interaction) and 14 or more days
of impaired activity (P = 0.08 for the interaction)
Table 1 Age-adjusted proportion of ﬁve cardiovascular disease risk factors among US adults, 2003 BRFSS
n
Diabetes Hypertension
High
cholesterol Obesity
Current
smoking
% SE % SE % SE % SE % SE
Sex
Men 76,714 8.3 0.2 28.1 0.3 32.0 0.3 23.9 0.3 22.0 0.3
Women 112,736 7.2 0.1 24.7 0.2 28.7 0.2 22.8 0.2 19.2 0.2
P-value* <0.001 <0.001 <0.0001 <0.01 <0.0001
Age (year)
18–24 6,934 1.1 0.2 7.6 0.6 8.4 0.6 13.7 0.7 27.6 0.9
25–34 22,244 2.4 0.2 9.6 0.3 16.5 0.4 22.4 0.5 22.7 0.5
35–44 37,275 4.8 0.2 17.0 0.4 26.1 0.4 25.2 0.4 23.6 0.4
45–64 78,154 11.0 0.2 35.5 0.3 41.3 0.3 28.4 0.3 20.9 0.3
65 44,843 16.3 0.3 55.4 0.4 48.1 0.4 20.5 0.4 9.0 0.2
P-value† <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Race
Non-Hispanic white 153,160 6.6 0.1 25.5 0.2 30.8 0.2 21.8 0.2 21.5 0.2
Non-Hispanic black 13,934 13.2 0.5 37.6 0.7 28.2 0.7 34.5 0.7 21.6 0.7
Hispanic 11,941 11.0 0.6 25.2 0.8 28.9 0.8 26.8 0.8 16.2 0.7
Other 10,415 9.4 0.6 24.7 0.9 28.5 0.9 18.1 0.8 21.8 0.9
P-value*: black vs. white <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
P-value*: Hispanic vs. white 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Education
Lower than high school 17,062 13.6 0.5 33.2 0.7 34.1 0.8 31.4 0.9 33.2 0.9
High school 54,947 8.7 0.2 29.8 0.4 31.6 0.4 27.4 0.4 28.0 0.4
Some college 51,680 7.6 0.2 27.0 0.3 30.5 0.4 25.4 0.4 21.8 0.4
College degree or higher 65,761 5.3 0.2 21.8 0.3 28.6 0.3 16.5 0.3 11.7 0.3
P-value† <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
*P-values for the t-tests of two sample proportions.
†P-values for the t-tests of linear trends in proportions.
BRFSS, Behavioral Risk Factor Surveillance System; SE, standard error.
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Table 2 Unadjusted and age-adjusted proportions of multiple CVD risk factors by sex, race/ethnicity, and CVD status among US
adults, 2003 BRFSS
Number of risk factors
Total Males Females
P-value*N % SE n % SE n % SE
Total
Unadjusted
0 60,285 33.0 0.2 22,782 30.8 0.3 37,503 35.1 0.3 <0.0001
1 63,547 33.8 0.2 26,219 34.3 0.3 37,328 33.3 0.3 0.019
2 40,784 20.6 0.2 17,172 21.6 0.3 23,612 19.6 0.2 <0.0001
3 18,611 9.5 0.1 8,000 10.1 0.2 10,611 8.9 0.2 <0.0001
4 5,626 2.8 0.1 2,292 2.9 0.1 3,334 2.8 0.1 0.6921
5 597 0.3 0.0 249 0.3 0.0 348 0.3 0.0 0.6707
3 24,834 12.6 0.1 10,541 13.3 0.2 14,293 11.9 0.2 0.0005
4 6,223 3.1 0.1 2,541 3.2 0.1 3,682 3.1 0.1 0.613
Age-adjusted
0 60,285 35.8 0.2 22,782 33.1 0.3 37,503 38.5 0.3 <0.0001
1 63,547 34.0 0.2 26,219 34.5 0.3 37,328 33.5 0.3 0.0195
2 40784 19.0 0.2 17,172 20.4 0.3 23,612 17.7 0.2 <0.0001
3 18,611 8.4 0.1 8,000 9.2 0.2 10,611 7.7 0.1 <0.0001
4 5,626 2.5 0.1 2,292 2.5 0.1 3,334 2.4 0.1 0.2561
5 597 0.3 0.0 249 0.3 0.0 348 0.3 0.0 0.8531
3 24,834 11.2 0.1 10,541 12.0 0.2 14,293 10.3 0.2 <0.0001
4 6,223 2.7 0.1 2,541 2.8 0.1 3,682 2.6 0.1 0.2534
Race/Ethnicity†
Non-Hispanic white
0 48,940 36.1 0.2 18,730 33.2 0.4 30,210 39.2 0.3 <0.0001
1 51,917 34.6 0.3 21,581 35.0 0.4 30,336 34.2 0.3 0.1856
2 33,097 18.8 0.2 14,180 20.2 0.3 18,917 17.4 0.2 <0.0001
3 14,554 8.0 0.1 6,464 9.0 0.2 8,090 6.9 0.1 <0.0001
4 4,236 2.2 0.1 1,808 2.4 0.1 2,428 2.1 0.1 0.0179
5 416 0.2 0.0 171 0.2 0.0 245 0.2 0.0 0.6839
3 19,206 10.4 0.1 8,443 11.6 0.2 10,763 9.2 0.2 <0.0001
4 4,652 2.5 0.1 1,979 2.6 0.1 2,673 2.3 0.1 0.0171
Non-Hispanic black
0 3,623 28.9 0.7 1,212 27.5 1.1 2,411 30.1 0.9 0.2566
1 4,274 30.5 0.7 1,486 31.5 1.2 2,788 29.8 0.9 0.2161
2 3,298 23.0 0.7 1,133 24.8 1.1 2,165 21.7 0.8 0.0960
3 1,917 12.2 0.5 627 11.5 0.8 1,290 12.7 0.6 0.2741
4 726 4.6 0.3 219 3.9 0.4 507 5.2 0.4 0.0210
5 96 0.6 0.1 40 0.8 0.2 56 0.5 0.1 0.2449
3 2,739 17.5 0.6 886 16.2 0.9 1,853 18.4 0.7 0.0513
4 822 5.3 0.3 259 4.7 0.5 563 5.7 0.4 0.0886
Hispanic
0 4,284 36.1 0.9 1,478 34.1 1.4 2,806 38.2 1.1 0.0342
1 3,938 34.2 0.9 1,577 33.9 1.4 2,361 34.2 1.2 0.7008
2 2,271 17.7 0.7 904 18.9 1.1 1,367 16.6 0.8 0.1537
3 1,097 9.5 0.6 433 10.4 1.0 664 8.7 0.7 0.3654
4 328 2.3 0.3 117 2.5 0.4 211 2.1 0.4 0.6654
5 23 0.1 0.0 10 0.1 0.1 13 0.2 0.1 0.6690
3 1,448 12.0 0.6 560 13.1 1.0 888 11.0 0.8 0.3204
4 351 2.5 0.3 127 2.6 0.4 224 2.3 0.4 0.7140
CVD status†
CVD, no
0 23,600 36.4 0.3 8,707 34.6 0.5 14,893 38.4 0.4 <0.0001
1 24,251 35.1 0.3 9,650 35.6 0.5 14,601 34.6 0.4 0.0533
2 14,542 19.0 0.2 5,703 19.7 0.4 8,839 18.2 0.3 0.0552
3 6,046 7.3 0.1 2,467 7.9 0.2 3,579 6.7 0.2 0.0016
4 1,662 2.0 0.1 612 1.9 0.1 1,050 2.1 0.1 0.1635
5 160 0.2 0.0 59 0.2 0.0 101 0.2 0.0 0.3895
3 7,868 9.5 0.2 3,138 10.1 0.3 4,730 8.9 0.2 0.0238
4 1,822 2.2 0.1 671 2.2 0.1 1,151 2.2 0.1 0.2825
CVD, yes
0 683 14.5 2.3 336 15.4 3.1 347 13.4 2.9 0.5827
1 1,829 26.9 2.7 900 24.9 3.1 929 29.1 3.4 0.1479
2 2,774 26.5 1.3 1,338 25.4 2.0 1,436 27.5 1.8 0.3371
3 1,907 21.1 1.8 917 23.6 3.0 990 18.2 1.3 0.4462
4 854 9.4 0.7 353 8.8 1.0 501 10.2 1.1 0.0403
5 103 1.7 0.4 46 1.8 0.6 57 1.6 0.4 0.8346
3 2,864 32.2 1.9 1,316 34.3 3.1 1,548 30.0 1.6 0.5106
4 957 11.1 0.8 399 10.7 1.2 558 11.8 1.1 0.0443
*t-test for signiﬁcance in the proportions between men and women.
†Age-adjusted proportions.
BRFSS, Behavioral Risk Factor Surveillance System; CVD, cardiovascular disease; SE, standard error.
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(Fig. 3C). Overall, people with CVD had approxi-
mately two- to fourfold increased likelihood of
impaired HRQOL than people without CVD (Table 3).
The ORs of CVD for all HRQOL measures (except
mentally unhealthy 14 days) were the highest among
people with none of the risk factors and appeared to
decrease when the number of risk factors increased.
Discussion
The present study examined the association between
multiple CVD risk factors and HRQOL using a large
population-based sample in the United States in 2003.
Among the ﬁve CVD risk factors, diabetes appeared
to be the strongest factor for poor or fair health, 14
or more physically unhealthy days, or 14 or more
days of impaired activity. Current smoking was the
strongest factor for reporting 14 or more mentally
unhealthy days. There was a signiﬁcantly increasing
linear trend in the mean levels, proportions, and
adjusted ORs of impaired HRQOL associated with
a greater number of CVD risk factors, suggesting
that accumulation of more CVD risk factors may be
associated with a more substantial impairment of
HRQOL.
Assessing the association of HRQOL with indi-
vidual CVD risk factors may underestimate the
strength of their association with HRQOL because
these risk factors tend to occur together in the general
and diseased populations [1,4,37]. Previous studies
have shown an increased risk of mortality of all-cause,
coronary heart disease, and stroke among people with
multiple CVD risk factors [5–9]. Several previous
studies suggested that obesity or diabetes in combina-
tion with hypertension, hyperlipidemia, or smoking
had an adverse impact on HRQOL [15,17–19], and
the inﬂuence of increasing number of the risk factors
was generally additive. Consistent to these ﬁndings,
our results demonstrated that the signiﬁcant linear
trend in the impairment of HRQOL associated with a
greater number of CVD risk factors was similar for
both males and females, and across the three racial/
ethnic groups. In particular, the signiﬁcant quadratic
trends in the impairment of HRQOL measures suggest
that the combination of multiple CVD risk factors may
have a synergistic impact on various perspectives of life
function, particularly self-perception of general health
and physical function.
Moreover, the association appeared to be stronger
among people without CVD than those with CVD.
People with CVD had a greater likelihood of impaired
HRQOL than those without CVD independent of the
number of multiple risk factors; however, because the
prevalence of impaired HRQOL was much higher
among people with CVD than those without CVD in
the group of zero risk factor (the reference group), the
relative odds of increasing number of multiple risk
factors with impaired HRQOL may be attenuated
among people with CVD. These results emphasize the
need of identifying risk factor clustering in people with
and without manifest CVD and demonstrate an oppor-
tunity to potentially improve the HRQOL through
intensive risk factor management.
The impact of CVD risk factors on work limitation
and productivity loss deserves comments. Previous
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Figure 1 Age-adjusted proportion of impaired health-related quality of
life by cumulative number of cardiovascular disease (CVD) risk factors
among US adults, 2003 Behavioral Risk Factor Surveillance System. SE,
standard error.
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studies have shown that diabetes [38], hypertension
[39], hypercholesterolemia [39], smoking [40], and
obesity [41] were associated with increased work limi-
tations and decreased work productivity. Boles et al.
reported that a greater number of health risks was
associated with a higher mean percentage of lost pro-
ductivity [42]. Our results were consistent with these
ﬁndings in that the combination of multiple risk
factors as well as each single factor was associated
with increased impaired days of performing activities
such as self-care, work, or recreation.
The ﬁndings in the present study have clinical and
public health implications. First, although focusing
on the predictive value of multiple CVD risk factors
for mortality and morbidity remains a clinical and
public health priority, the role of clustering of mul-
tiple CVD risk factors in HRQOL is an emerging
public health concern. To achieve the goal of increas-
ing the quality and the length of healthy life for all
people in the United States as stated in Healthy
People 2010 [11], urgent efforts are needed for effec-
tive prevention of multiple CVD risk factors. In addi-
tion, preventing and treating CVD risk factors in
diseased populations may reduce the risk of mortality
and improve the quality of life. Second, the height-
ened risk associated with having multiple CVD risk
factors rather than individual factors should be rou-
tinely assessed in clinical practice. Indeed, reporting
poor or fair health, frequent physically or mentally
unhealthy days, or impaired activity days could be a
good chance for assessing possible clusters of mul-
tiple risk factors. Finally, because the proportion of
multiple CVD risk factors increased during the period
of 1991 to 1999 in the United States [4], continued
surveillance for the risk factor clustering is greatly
needed.
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Figure 2 Adjusted odds ratio (OR) and 95%
conﬁdence interval (CI) of impaired health-
related quality of life for individual (A) and clus-
tering of multiple cardiovascular disease (CVD)
risk factors (B) among US adults, 2003 Behav-
ioral Risk Factor Surveillance System. OR and
95% CI were adjusted for age, sex, race/
ethnicity, education level (both A and B), and all
other risk factors (A). DM, diabetes; HBP, hyper-
tension; HCH, high cholesterol; Ob, obesity;
SMK, current smoking.
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One limitation of this study stems from the nature
of self-reported data for CVD risk factors and
HRQOL measures in the 2003 BRFSS survey. Accord-
ing to a previous study, the agreement between self-
report and medical record was substantial for diabetes
(kappa = 0.76) and hypertension (kappa = 0.75) [43].
A validation study replicating the BRFSS methodology
found that sensitivity was low for hypertension (43%)
and high cholesterol (44%), and high for obesity
(74%), smoking (82%), and diabetes (75%), but speci-
ﬁcity was greater than 85% for all risk factors [44].
The low sensitivity for hypertension and high choles-
terol reported in the above validation study may result
from the use of higher diagnostic criteria by practicing
physicians, single measure at the examination or lab
test, and use of antihypertensive or cholesterol-
lowering medications of patients. As a result of under-
reporting due to recall bias, the association of
clustering of multiple CVD risk factors with HRQOL
might be biased toward null. In addition, because
chronic heart failure was not assessed in 2003 BRFSS,
the history of CVD status may be underestimated.
Nevertheless, given the strong association observed in
the present study and the direction of possible bias,
the inﬂuences on the validity of the results may be
minimal.
Because the analytic sample differed slightly in
demographic characteristics to the excluded sample, a
caution may be needed on the generalizability of these
ﬁndings. To ensure the validity and reliability of the
results, the analyses were replicated in the total sample
by classifying participants who never had their blood
cholesterol checked as having no high cholesterol.
Although the proportion and OR of high cholesterol
was underestimated, the association of other CVD
risk factors and the patterns for the associations
of HRQOL with the number of multiple CVD risk
factors in the total sample were similar to the results
reported in the present study. Therefore, excluding
people with missing data in blood cholesterol from the
ﬁnal analyses may have a minimal impact on the gen-
eralizability of the ﬁndings. In addition, OR is a
measure of association and it approximates the preva-
lence ratio when the prevalence of an outcome of
interest in the study population is low (e.g., <10%) in
cross-sectional studies [45]. The ORs reported in the
present study emphasized the association and its pat-
terns rather than the exact prevalence ratio. In fact,
alternative analyses using log-linear regression or Cox
proportional hazards regression [46] demonstrated
that the parameter estimates differed in magnitude, yet
the patterns in the association, linear or quadratic
trend, and signiﬁcance of all four HRQOL measures
were quite similar.
Conclusions
Our results highlight the critical need for identifying
CVD risk factors clustering among people with and
without CVD and for directing special attention in
clinical practice and public health campaigns to people
who have multiple CVD risk factors. Meanwhile, clini-
cal or community-based intervention trials are needed
to test the efﬁcacy of reducing the proportion of mul-
tiple CVD risk factors as a means of improving
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Figure 3 Adjusted odds ratio (OR) and 95% conﬁdence interval (CI) of
impaired HRQOL for clustering of multiple cardiovascular disease (CVD)
risk factors among US adults, 2003 Behavioral Risk Factor Surveillance
System, by sex (A), race/ethnicity (B), and CVD status (C).OR and 95% CI
were adjusted for age and education level (A, B, and C), as well as sex (B
and C) and race/ethnicity (A and C).
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HRQOL, ameliorating health burdens, and meeting
the goals of Healthy People 2010.
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